Abstract. This paper presents the thicknesses and inclinations (i.e., the angle between the galactic plane and the tangent plane) of 71 northern spiral galaxies. The method for measuring the thickness has been proposed by Peng. It is based on the solution of Poisson's equation for a logarithmic disturbance of density. The inclination is determined by assuming that the pattern of spiral structure is a logarithmic spiral. We find that the thickness is correlated with color and with the H α + [NII] equivalent width.
Introduction
There are two approaches to estimate the thickness of a galactic disc. One, for edge-on spirals, has been suggested by van der Kruit & Searle (1981a ,b, 1982a , and is based on surface photometry. The other one, for non-edge-on galaxies, has been proposed by Peng (1988) . It is based on the solution of Poisson's equation for a logarithmic disturbance of density. The latter is effective and simple as long as spiral arms are distinguishable on the images.
The inclination of a galaxy (i.e., the angle between the galactic plane and the tangent plane) is difficult to determine. It has been shown by Danver (1942) and Kennicutt & Hodge (1982) that the spiral arm can be represented by a logarithmic spiral form with constant pitch angle µ. The inclination can be determined by comparing the fitted spiral curve with the image.
In this paper, we present the thicknesses and inclinations for 71 northern spiral galaxies which are selected from more than 600 ones whose images are taken from the Digitized Sky Survey 1 . Most galaxies in this paper
Send offprint requests to: Jun Ma, e-mail: qhpeng@nju.edu.cn 1 Based on photographic data of the National Geographic Society -Palomar Observatory Sky Survey (NGS-POSS) are grand design spiral ones with Arm Classification ≥ 5 (Elmegreen & Elmegreen 1987) except for six spirals. Usually there are two arms for most galaxies, the arm closest to the center is used for measurement.
The structure of this paper is as following: In Sect. 2, we outline the steps how to measure the thickness, determine the inclination, and select the samples. In Sect. 3, we present the results and discuss errors. We discuss statistical properties in Sect. 4.
Main steps of the method, and choice of the sample
The main steps are:
(1). Find the position of the innermost point of a spiral arm and measuring its coordinate (ρ 0 , θ 0 ) relative to the image center and to the major axis.
(2). Vary the value of the inclination γ around arccos(d 25 /D 25 ) and fit the spiral arm starting from that innermost point with a logarithmic spiral curve to get its winding parameter Λ such that µ = arctan(m/Λ), where m is the number of arms, with a least square method. D 25 and d 25 are taken from the Third Catalog of Bright Galaxies by de Vaucouleurs et al. (1991, RC3) . They are the apparent major and minor isophotal diameters measured at or reduced to the surface brightness level µ B = 25.0 blue mag per square arc second.
(3). Determine the inclination and the corresponding winding parameter by comparing the fitted spiral curve with the image.
(4). Calculate the thickness of the galactic disk h, by
obtained using the Oschin Telescope Palomar Mountain. The NGS-POSS was funded by a grant from the National Geographic Society to the California Institute of Technology. The plates were processed into the present compressed digital form with their permission. The Digitized Sky Survey was produced at the Space Telescope Science Institute under US Government grant NAG W-2166.
where m is the number of the arms (see Peng 1988).
(5). The thickness of the galactic disk, H in kpc, is
where d is the distance of the galaxy
where H 0 is the Hubble constant taken as 75 km/s/Mpc, and v opt , the mean heliocentric radial velocity in km/s derived from optical observations, is taken from the RC3. Our statistical sample contains 71 galaxies, selected from more than 600 northern spirals having a determined (B − V ) 0 T (i.e., the total color index corrected for galactic and internal extinction and redshift) in RC3 according to one single criterion: their images have distinguishable spiral arms. The mean Hubble type indexes (T ) of these galaxies are from 2 to 6, and they have log(D 25 /d 25 ) less than 0.76.
Our data reduction and analyses were done with IRAF 2 installed in the Sun Workstation at the Laboratory of Astronomical Data Analysis of Nanjing University.
Results and errors
The thicknesses (H), inclinations (γ) and winding parameters (Λ) of 71 northern spiral galaxies are listed in Tables 1  and 2 . Some other parameters are also listed: m is the number of arms, T the mean numerical Hubble stage index, µ (= arctan(m/Λ)) the pitch angle of a spiral arm, h the apparent thickness, d the distance, H/D 0 the flatness, D 0 is the isophotal major diameter corrected to the "face-on" (γ = 0
• ), and for Galactic extinction, but not for redshift.
The errors arise mainly from: a) the position of the innermost point for the arm; b) the inclination of the galaxy; c) the position of the galactic center. The errors from b) and c), however, can be reduced if we properly modify the grey-scale of the image by using IRAF to obtain the fine structure of the galaxy as deeply as possible. The estimations of error are derived from the formulae given by Peng (1988). (Searle et al. 1973) , and the strong correlations observed between color and flatness or thickness point to a coupling between the flatness or thickness and the integrated star formation history of galaxies. Table 2 . Thicknesses and inclinations of 71 northern spiral galaxies
Statistical property

Dependence on color
* The distance is taken from Faber & Gallagher (1979) . ** The distance is taken from Lang (1983) . *** The distance is taken from Roberts et al. (1975) . Kennicutt & Kent (1983) presented the combined results of photometric and spectrophotometric surveys of H α emission for 200 field and Virgo cluster galaxies. Romanishin (1990) published large aperture photometric measurement of H α + [NII] emission line strengths of 110 spiral galaxies. We have measured the thicknesses of some Table 3 . We use the formula (Romanishin 1990) : EW (Romanishin's) = 1.22 × EW(KK's) Figure 7 shows the correlation of H α + [NII] equivalent width with the thickness. There might be a negative correlation between star formation activity and thickness of a galaxy, but the scatter is large and there are only 20 samples. The thicknesses of NGC 628 and NGC 5194 are from Peng's paper (Peng 1988) . , from RC3, is the 21-cm emission line magnitude and corrected for self-absorption and d, in Mpc, is the distance of a galaxy. Figure 8 suggests that a thicker galaxy contains more neutral hydrogen, although the dispersion is large.
